Who invents medicines for the poor of the world? This question becomes very important where the WTO allows low income countries to be unbound by the TRIPS agreement. This agreement concerns medicines for infectious diseases such as HIV/AIDS, tuberculosis and malaria. These diseases cause serious damage to low income countries. Under these circumstances, some scholars wonder if anyone will continue innovative activities related to treating these diseases. This paper sought to answer this question by collecting and analyzing patent data of medicines and vaccines for diseases using the database of the Japan Patent Office. Results indicate that private firms have led in innovation not only for global diseases such as HIV/AIDS but also diseases such as malaria that are spreading exclusively in low income countries. Innovation for the three infectious diseases is diverse among firms, and frequent patent applications by high-performing pharmaceutical firms appear prominent even after R&D expenditure, economies of scale, and economies of scope are taken into account. Abstract Who invents medicines for the poor of the world? This question becomes very important where the WTO allows low income countries to be unbound by the TRIPS agreement. This agreement concerns medicines for infectious diseases such as HIV/AIDS, tuberculosis and malaria. These diseases cause serious damage to low income countries. Under these circumstances, some scholars wonder if anyone will continue innovative activities related to treating these diseases.
Introduction
Infectious diseases are a serious concern to many people in developing countries. Among all, the damage caused by HIV/AIDS 4 , tuberculosis, and malaria is the most severe. As seen in Table 1, the WHO [2002] estimates that three million, 1.9 million and more than 1 million people died in 2000 due to AIDS, tuberculosis, and malaria respectively. Further, a far greater number of newly infected people were added to those living with HIV, tubercle bacillus and malaria parasite. The number of newly infected people in 2000 was 5.3 million for HIV, 8.8 million for tuberculosis, and 300 million for HIV. Table 1 further shows that within the context of international development, most people with the virus, bacterium, or parasite, are living in developing countries.
While AIDS was discovered in 1981, developments in diagnosis, medicine, and vaccine seem to have been greater for tuberculosis and malaria, diseases which have been prevalent for a long time. Above all, one of the most promising inventions for HIV/AIDS has been the antiretroviral (ARV) that prevents HIV by using an enzyme called reverse transcriptase to convert RNA into DNA.
Taking antiretroviral drugs regularly in appropriate combinations prevents destruction of the immune system of people living with HIV. However, patent holders have monopolized sales and distribution of the antiretroviral drugs where the substance patent system has been applied to pharmaceuticals. At the conference, a
Declaration on the TRIPS 7 Agreement and Public Health was released, and this stated that patents
should not be applied in cases where keeping the TRIPS Agreement would result in serious damage 4 AIDS is the abbreviation of Acquired Immune Deficiency Syndrome. It is caused by the Human Immunodeficiency Virus (HIV). Infection of HIV gradually destroys the immune system, and infected people become susceptible to "opportunistic illness," such as tuberculosis, Pneumocystis carinii pneumonia, Kaposi's sarcoma, and Candidiasis. People living with HIV are more likely to be infected due to destruction of the immune system than those without HIV. Infection with any of the opportunistic illnesses is very dangerous for people living with HIV. 5 In many countries, there is an inclination for patents on medicines to be waived on the grounds of public health. Even at the end of the 1980's, forty countries, including developed countries, did not admit substance patents on medicines but only process patents (Lanjouw and Cockburn [2001] , p. 265). 6 One thing that drove the conference forward to the declaration was a rise in public sentiment supporting people living with HIV rather than pharmaceutical companies owning patents of antiretroviral drugs. This issue was pushed in order to persuade companies to lower their prices below the level at which drugs would be affordable to people with HIV who are living in developing countries, and it resulted in concessions of companies relative to trials on patents of the drugs in Brazil and South Africa in 2001. Bio-terrorism, which included the case of anthrax in North America in October 2001 (right after the September 11), also helped raise concerns about the importance of public health over intellectual property rights of delegates, not only in developing countries but also in developed countries. See Economist [2001a Economist [ , b, 2002a and Cassier and Correa [2003] . 7 This is the abbreviation of trade-related aspects of intellectual property rights. In this connection, we reaffirm the right of WTO members to use, to the full, the provisions in the TRIPS Agreement, which provide flexibility for this purpose.
The agreement incorporated into the declaration in Doha heightened the bargaining power of low income countries over multinational pharmaceutical companies in determining prices of antiretroviral drugs and those for tuberculosis and malaria (which were explicitly mentioned in the declaration). As a result, costs for treatment with antiretroviral drugs declined from around thirty US dollars per day per person in the middle of 1998 to one dollar in the beginning of 2002 (Economist [2002] ). This was a revolutionary achievement for people living with HIV, even though only around 30,000 people out of 25 million people living with HIV in Sub-Saharan Africa in 2003 received antiretroviral therapy.
In terms of wide distribution of drugs, the decline in prices of antiretroviral drugs is undoubtedly favorable when seen as a measure against HIV/AIDS. However, the same decline in prices may be potentially harmful to further development of innovations in medicines, therapies, and vaccines for HIV/AIDS, because low prices reduce profits of pharmaceutical firms, and these firms may lose their incentive to make innovations. This is a concern not only HIV/AIDS but also any disease that is prevalent in low-income countries. Pharmaceutical firms may expect to be forced by the government and by international organizations to reduce prices of any medicines, therapies and vaccines which are helpful and critical to either prevention, cure, or treatment in low income countries, even though governments and international organizations have promised that they will not do so. That is, ex ante governmental commitment can be withdrawn once the medicine, therapy or vaccine has been developed. This is known as "the time inconsistency problem" in the context of game theory (Chari, Kehoe and Prescott [1989] ; Kremer [2000a] ; Kremer and Glennerster [2004] ).
Thus, cautious pharmaceutical companies, without declaring that they will do so, may not want to participate in such a risky field of diseases and may shift resources toward innovations in medicines for diseases for which the demand will be sure and great in developed countries. They may pretend to have lost advantages in innovation of medicines and vaccines for diseases prevalent in developing countries, and nobody can disprove this statement.
In fact, pharmaceutical companies and their industrial associations have serious worries regarding public sentiment that may be against them. They lobby, publicizing their philanthropic activities, and try to persuade the public that the prevalence of HIV/AIDS is not due to patents but rather to poverty. 9 However, some leaders within the society of pharmaceutical companies have already avowed that the industry will retrench R&D for antiretroviral drugs because of price constraints (Lanjouw [2002a] , p. 109). It is noteworthy that as shown in Table 1 , there are a number of people living with HIV in rich countries, while the number of people with the malaria parasite is almost zero. When pharmaceutical firms lose incentives to create medicines and vaccines for HIV/AIDS, they lose even more when it comes to malaria, because the demand based on purchasing power for medicines and vaccines for malaria is far smaller than that of HIV/AIDS. There are a number of other "neglected diseases" in low income countries.
That pharmaceutical companies appear to shrink from innovation in low income countries, the question of who will lead in innovation for the poor must be raised. In order to predict who will lead in the future, it is important to explore who led in the past. Kremer [2000a Kremer [ , b, 2002 ; Kremer and Glennerster [2004] ; Lanjouw [2002b] , and Pilling [2000] .
in innovation for the three infectious diseases is diverse. Third, the number of patent applications of medicines made by GlaxoSmithKline for HIV/AIDS and neglected diseases is outstanding. In addition to trends over time, a substantial part of this performance is explained by the scale of GlaxoSmithKline's total R&D stock, sales, and economies of scope that are incorporated by the variety of diseases for which pharmaceutical companies made patent applications of medicines and vaccines.
This paper is organized as follows: Section 2 includes a brief description of the general facts related to the influence of the three infectious diseases and the trends in innovation of medicines and vaccines for them. It appears that private pharmaceutical firms outperform public institutions in terms of the number of patent applications for medicines and vaccines for the three infectious diseases. Section 3 includes an empirical study with data to find determinants of the magnitude of patent applications. Due to constraints related to sample size, focus is placed primarily on HIV/AIDS and the "neglected diseases" that cause serious problems in some developing countries, but seem not to be of concern in the rest of the world. Poisson regression and associated applications are used as analytical methods. Conclusions are given in the final section.
General Facts Regarding the Influence of Infectious Diseases and the Development of Innovations in Medicines to Treat Them
This section includes a discussion of general facts related to the influence of the three infectious diseases and the development of innovations in medicines and vaccines for their treatment.
First, the burden imposed on people in the world by these diseases is discussed. This issue is important because those who are influenced by a disease affect incentives for coping with the disease.
People who are seriously affected by a disease are probably more likely to work for innovation of medicines than those who are not.
Burdens of Diseases
There are two types of infectious diseases. One is widespread in both low and high income countries; examples include HIV/AIDS and tuberculosis. The other is rampant only in low-income countries; an example is malaria. As shown in 
Patent Applications by Disease
There is an argument that the number of patents is a good proxy for the number of innovations in pharmaceuticals. While R&D activity for medicines costs a large amount of money, manufacturing costs are extremely low. Using reverse engineering, imitating an original is very easy (Kremer [2002] ). Therefore, obtaining patents are the most important way to secure profits from R&D investments in the pharmaceutical industry (Scherer [1996] , p. 362, Table 9 .1, Levin, et al [1987] , Cockburn and Griliches [1987] ). To investigate the tendency of R&D efforts aimed at infectious diseases, a database of the Japan Patent Office was examined, and patent applications for medicines to be used against HIV/AIDS, tuberculosis and malaria were retrieved. Due to the Paris Convention and the Patent Cooperation Treaty, key patent applications are likely to be made at patent offices of major countries at about the same time. Therefore, as far as important patent applications are concerned, a database of any particular country suffices for the analysis of tendencies in patent applications. 12 The Japan Patent Office maintains a patent data retrieving system that is available to anyone through the Internet. Appendix 1 explains how samples were retrieved. It should be noted that the number of patent applications for tuberculosis and malaria might be overestimated. Figure 1 shows trends in patent applications related to medicines for HIV/AIDS, tuberculosis and malaria that were submitted to the Japan Patent Office from 1980 to 1998. continued to be higher than that of tuberculosis and malaria in the 1990's. Although tuberculosis and malaria attracted attention as re-emerging infectious diseases because of the emergence of drug-resistant types, R&D activities resulting in patent applications seemed to be extremely slow.
There seem to be two factors that can potentially explain the difference in the number of innovations between HIV/AIDS and the other two diseases. First, it may be that demand is more important than necessity. As Schmookler [1966] pointed out, market size is an important determinant of the intensity of innovation in general. Even though the necessity of creating medicines to cope with malaria in developing countries is very high (see Table 1 ), the purchasing power of people in these countries is weak on average. Thus, the development of innovations in medicines for malaria is slower than that of HIV/AIDS, a disease that is also spreading in developed countries. Second, since HIV was discovered only recently, it is seen as an unexploited frontier in research and is deemed to be of greater interest than tuberculosis and malaria, diseases that were discovered some time ago and have been studied for a long time. Both factors seem to be at work in accounting for a difference of ten times the number of patent applications for HIV/AIDS innovations and those for the other two diseases.
Patent Applications by Country of Origin and Status of Firm
These days, patent application is so internationalized that many rely on either the Paris Convention or the Patent Cooperation Treaty. Figure 2 illustrates shares of the cumulative number of patent applications for medicines related to the three infectious diseases. These are organized by origin of applicant, and the Figure indicates that applicants from the United States, Japan, and European countries account for 90% of total for each disease. 14 The United States has a large share of the total number of applications, not only for HIV/AIDS (a serious influence in the country), but also for malaria (except for military needs, meets a thin demand in the home market). This shows that the United States is a leader in this field of research. It is interesting that the number of applications by Japan is roughly equal to that of the United States with respect to tuberculosis, while the share of Japan for malaria is small. In terms of innovation by the Japan, the difference between tuberculosis and malaria is due to two facts: First, Japan has directed its efforts to the treatment of tuberculosis from World War II until the present. Second, there is no mosquito transmitting malaria on the mainland of the country, so malaria has not been a serious concern in Japan. There are some differences with regard to the type of infectious diseases, but innovations in medicines for the three 14 In the case of multiple applicants, the first applicant on the list is adopted.
diseases are dominated by the three poles: the United States, Japan, and European countries.
It is notable that medicines are likely to be exempt from protection by patent in many countries. For example, patent law started covered medicines in 1975, even in Japan, where the law had been stipulated long ago. Since then, both public and private entities have applied for and owned patents of medicines in Japan. Now, which sector, public or private, leads in the innovation of medicines for the poor? Consumption of medicine is likely to have an external impact (externality)
by reducing the rate of infection moving from infected persons to others (Philipson [2000] ). The private sector is unwilling to work on unprofitable medicines for which the market is small because of low purchasing power of people in poor countries. Under these circumstances, the public sector is expected to play a key role in R&D activity for infectious diseases. However, Table 3 shows that a majority of patent applications are filed by the private sector for all the three diseases (see Table 4 for the classification of public, university, and private entities). As for HIV/AIDS, the private sector accounts for more than three fourths of total applications. In contrast to expectation relative to the externality of infectious diseases and the unprofitable nature of medicines for the poor, it is evident that the private sector also leads in the innovation of medicines in developing countries.. Cockburn and Henderson [2000] showed that there is a complementary relationship between the public and private sectors in R&D activity for medicines in the United States. They described a division of labor in which the public sector covered basic research while the private sector engaged primarily in applied research in order to make results from basic research practical and commercialized. 15 Since scientists in universities and public research institutes may be more like to publish results of their research in scientific journals rather than apply for a patent, estimations in the data of this study may underestimate the contribution of public entities and universities to the innovation of medicines.
15 Evidence for estimating this cross correlation comes from data in this study and implies existence of a complementary relationship where private patent applications pick up after public ones become active. For example, in the case of malaria, the number of public applications three or four years ago correlates positively with present private applications.
Patent Applications by Firm
Which entities in the public and private sectors filed the most patent applications? Who make innovations in medicine for diseases in developing countries when such innovations do not seem to make great profit? Actually, the motivation for innovation is not necessarily related to profit.
A private firm may have a philanthropic mind. It may want to enhance its reputation, or it may use the experience of innovation as an investment for innovation in the development of another more profitable medicine. In any case, determination of which types of firms filed many patent applications may provide useful information for identifying factors that determine performance in innovation of medicines for the poor.
From this perspective, data for patent applications by firm is analyzed below. Table 5 shows the cumulative number of patent applications related to HIV/AIDS, tuberculosis, malaria, and the neglected diseases, 16 the four disastrous diseases that are rampant in low income countries. These applicants are arranged in descending order based on number of applications for HIV/AIDS. It appears that most major applicants are pharmaceutical firms such as GlaxoSmithKline, Aventis, Merck, Bristol Myers Squibb Co., and others. The number of patent applications for medicines related to HIV/AIDS that GlaxoSmithKline filed during the period is remarkable. The number for
GlaxoSmithKline is almost twice that of the second firm, Aventis. What is even more surprising is that GlaxoSmithKline is also the top applicant for malaria and the neglected diseases, and it is ranked second for tuberculosis. GlaxoSmithKline is the top innovator for development of medicines to fight serious infectious diseases spreading in low-income countries. The prominence of GlaxoSmithKline contributes to a positive correlation in patent applications among the three diseases, as shown in Table 6 . 17 Are there any factors explaining the outstanding performance of this firm, and if so, what are they?
Empirical Analysis
What are the determinants of the large variation in patent application? Do common determinants of innovation in general explain the high performance of GlaxoSmithKline? Among major pharmaceutical companies, GlaxoSmithKline is relatively large in terms of sales and R&D expenditure. This could completely explain the prominent performance of the company. Since these medicines are unlikely to be profitable, ordinary variables that explain the extent of innovation may not significantly affect that of medicines for the diseases. Is there any firm-specific factor, other than controlling variables that are considered to affect invention of medicines in general, that leads GlaxoSmithKline to invent medicines for developing countries?
Model
The equation for estimation is one commonly used as a knowledge production function (see Jones [1995] among others):
where i is the index of firms, and t is an index of years.
is an indicator of knowledge produced; and are measures of the stock of knowledge and production of the firm i. is a vector consisting of other explanatory variables representing economies of scope, firm dummies, time trend, and a constant. 
where it λ is the Poisson parameter standing for the arrival rate of success in innovation per year per firm. Note that the conditional mean is identical to the conditional variance according to the probability density function. The conditional mean is expressed as:
where and are vectors of regressors and parameters, respectively. The term k is the number of explanatory variables. Parameters are estimated by the maximum likelihood estimation method. Plugging equation (1) into equation (3), conditional expectation (4) below is derived.
As in other studies, explanatory variables are divided into two classes: variables entered in logarithms and variables entered in levels. It is notable that while the parameters of elasticity with respect to and are
β and 2 β , respectively, elasticity with respect to the j-th
The equalization feature of a conditional mean and variance is rarely satisfied with data.
Variance is often greater than the mean of a discrete variable, and this feature is called In order to derive the NB model, a stochastic variation in the Poisson parameter, it ε , is used, and the Poisson model is modified as follows: 
where α θ
The conditional probability density function is then
The conditional mean of is no longer equal to its variance.
Unless the parameter α, which is called the "over-dispersion parameter", 19 is equal to zero, the mean and variance of the dependent variable in this model are distinct.
The second model that takes account of the over-dispersion problem is the Zero Inflated 18 This is derived as follows:
Poisson (ZIP) model. This is designed to incorporate the feature of many zero counts in the dependent variable (Lambert [1992] ). When a large number of zeros is observed for the dependent variable, the Poisson regression model underestimates the probability of zeros, and this may cause over-dispersion. The ZIP model allows for "excess zeros" by assuming that the data generating process is characterized by two regimes: one where the value always takes a zero count and one where it takes zero or positive counts generated by the Poisson process. These two regimes are described as follows:
Estimation with this model takes two stages. A probability density function of the logit model is applied to the first stage estimation. The second regime follows the ordinary Poisson model.
Synthesizing the two stages of estimation, the probability density functions are as follows:
For the Zero Inflated Poisson model, the conditional mean and variance are described as follows:
This model is thus able to incorporate the over-dispersion feature.
It should be noted that the NB and ZIP models are not mutually exclusive. On the contrary, the features of two models can be integrated, and the Zero Inflated Poisson model with negative binomial distribution is called the Zero Inflated Negative Binomial model (ZINB). The Vuong test is available for testing the validity of the ZIP model against the alternative model (Vuong [1989] ).
Suppose that the probability density function of the ZIP (or ZINB) model is denoted by ) (
and that of the ordinary Poisson (or NB) model is denoted by ) ( ( 1 3 ) If v is greater than 2, the ZIP (ZINB) model is accepted. If v is smaller than -2, the Poisson (NB) model is accepted. If v falls in the range between -2 and 2, the test is indeterminate.
Data Sets

Diseases studied
The knowledge production function can be estimated with the specification expressed in equation (1). Two data sets are used: one for HIV/AIDS and one for the neglected diseases. The former is the most acute and serious disease in contemporary developing countries, while the latter is a group of diseases that is also very serious and spreads exclusively in developing countries. The category of "neglected diseases" was used as a dataset because of the small sample size for malaria. Since the number of patent applications of medicines for malaria was relatively small, the sample size of the panel data was also small. This was not the case for HIV/AIDS. Malaria is a representative disease among those that spread exclusively in developing countries, but HIV/AIDS is a global disease in the sense that many people with HIV/AIDS live in rich countries.
Since it is important to study determinants of innovations in medicines for diseases spreading only in developing countries, and to compare them with global diseases, patent applications of medicines for other important and influential infectious diseases that are prevalent exclusively in developing countries were added to those for malaria. A new category called "neglected diseases" was thus created.
The category of "neglected diseases" was "borrowed" from the homepage of a renowned non-government organization, Médecins Sans Frontières (MSF). MSF is an organization known to be a forerunner of international aid in medical activities. It undertakes activities to diffuse knowledge and information in medicines used in developing countries. In order to facilitate innovation of medicines for diseases which are rampant and very serious in low income countries, MSF designates and publicizes information about the "neglected diseases": malaria, human African trypanosomiasis (alias sleeping sickness), leishmaniasis and meningitis. 20 This category suits the present analysis and is juxtaposed with HIV/AIDS.
Patent application
As explained in subsection 3.1, the proxy for knowledge produced is the number of patent applications (PATENT). Each application is dated by a priority date. 21 However, the number of patent registrations is not suitable for this empirical analysis due to small sample size. Adoption of patent applications as a proxy for innovation can be used because the protection of an invention comes into effect on the date of the application (according to the first-to-file principle of the Japan Patent Office).
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R&D stock
Explanatory variables are identical between the two sets (one for HIV/AIDS and one for the neglected diseases), even though the sample periods and the number of firms are different due to the availability of the dependent variable.
R&D stock is used as a proxy for the stock of knowledge which each firm utilizes in order to make innovative activities. The R&D stock is constructed as the deflated and depreciated sum of R&D expenditure for all innovative activities of the firm according to the perpetual inventory method using a depreciation rate of 10%. The data were collected from either the Form 10-K or the annual report directed to stockholders of sample firms. All values were converted to U.S. dollars 20 Human African trypanosomiasis is a fatal parasitic disease carried by tsetse flies that affects about 3-5 hundred thousand people in 36 countries of sub-Saharan Africa. Leishmaniasis is another fatal parasitic disease transmitted to humans through the bite of infected tsetse flies. Currently, at least twelve million people in the world are infected. The most serious type of disease is the visceral leishmaniasis known as "Kala azar". This mainly spreads in five developing countries: Bangladesh, Brazil, India, Nepal and Sudan. Meningitis is transmitted through coughing and sneezing of infected people. It prevails particularly in the area referred to as the African meningitis belt which ranges from Senegal to Ethiopia. 21 The priority date is the first filing date of a patent application to the patent office of a country. If the applicant submits the same application to another country for a suspended period (one year in most cases), the latter application is treated as if it is filed in the second country on the priority date. 22 There are some studies that use indicators of the number of patents weighted by intensity of citations in order to take into account the quality of innovation (Jaffe and Trajtenberg [2002] 
Economies of scale
It is often hypothesized that large companies have an advantage over small ones in developing innovations. A justification for this hypothesis is that under the circumstance of imperfect financial markets, an invention is financed by profits and larger companies are good at exercising market power to raise profits. This justification was proposed by Schumpeter [1942] . On the other hand, the opposite view is that overall productivity should be lower for a large firm because of the diminishing marginal productivity of investment. In short, scale economy may or may not work for knowledge production. The economies of scale are estimated by the elasticity of knowledge production with respect to production within the threshold of the elasticity of unity. As a matter of fact, there is little general empirical evidence that supports economies of scale in innovation. As for innovation in medicines, Jensen [1987] , Graves and Langowitz [1993] , and Cockburn and Henderson [1996, 2001] report that they did not find economies of scale. The present research tests the hypothesis with the data set that includes medicines for the infectious diseases spreading in low-income countries.
Economies of scope
The performance of an R&D activity may depend on the intensity of similar activity in neighboring areas. Some knowledge drawn from research in adjacent fields may be beneficial. In other words, diversification in R&D within a group of medicines may positively affect the innovation of a certain medicine classified within that group. Generally speaking, an ascendancy associated with conducting variety in production is known as "economies of scope". This can be interpreted to mean that conducting multiple research projects together by a single firm is more efficient than carrying out the same projects by various firms. For example, it is known that an important antiretroviral that is widely used as a medicine for AIDS was invented by applying knowledge gained from development of an anticancer drug. Engaging in developing an innovation in medicine for cancer enhanced productivity of innovations in medicines for HIV/AIDS. There is empirical evidence supporting the hypothesis of "economies of scope" in the area of pharmaceutical innovations. Cockburn and Henderson [1996, 2001] found positive and significant returns to scope in research for ten major pharmaceutical companies. The same hypothesis for the infectious diseases spreading in developing countries is tested in this research.
For proxies of economies of scope, the precedent of Okada and Kawahara [2004] is used.
These researchers measured the breadth of R&D activities using the number of therapeutic classes where the firm has at least applied for a patent.
24
There are 13 therapeutic classes and subcategories under each class. These are called "facets" in the International Patent Classification (IPC). 25 In this study, the number of IPC facets where the firm files at least one patent application in a year (SCOPE) is used as a proxy for economies of scope. In order to elucidate the effect of economies of scope among medicines for infectious diseases, IDSCOPE is defined as the number of IPC facets with at least one patent application among the facets for all infectious diseases. The squared IDSCOPE, which is denoted by IDSCOPE-SQ, is also used to take account of non-linearity in economies of scope.
Time trend and dummies
The time trend (TREND) and firm dummies are added to the equation. Regarding firm dummies, GlaxoSmithKline is set to be the benchmark. The sample firms are numbered as follows: . (14) 24 Cockburn and Henderson [1996, 2001] , who explored the effect of economies of scope, used ,the number of research programs which were kept ,inside each firm and not open to the public. Even though the approach is interesting, it is not feasible in the present research. 25 See Table A for details of the 13 therapeutic classes. Table 7 Table 8 , while those of the neglected diseases may be seen in Table (Table 8 ). An exception is the logarithm of sales; here, the coefficient is negative and statistically insignificant.
Results of Estimation
There is some doubt about the validity of the standard Poisson model due to over-dispersion. Results of a Lagrange multiplier test for over-dispersion leads to rejection of the null hypothesis of equality between conditional mean and variance. In addition, over-dispersion is detected as a result of the NB estimation. A likelihood-ratio test of the over-dispersion parameter of the NB model with null hypothesis of 0 = α (bottom of the second four columns in Table 8) indicates that for the four combinations of explanatory variables, the alternative hypothesis of the over-dispersion may be accepted. Thus the negative binomial model is judged to be more appropriate than the Poisson model for this data set.
It turns out that over-dispersion is perhaps better explained by the "excess zeros" feature of the Zero Inflated Poisson model than by the NB model. The Vuong statistics and their p-values are displayed in the second row at the bottom of Table 8 . All values of the Vuong statistics are far greater than 2 for the eight patterns of estimation by the ZIP and ZINB models. This suggests that the ZIP and ZINB models that incorporate the "excess zeros" assumption are favored over the Poisson and NB models, respectively. Hence, the ZINB model appears to be the most consistent with regard to the over-dispersion feature of the data.
All estimates obtained through the estimation are in general, appropriate. As expected, the signs of coefficients on ln(R&Dstock) are all positive, and estimates are all significantly greater than zero (except for those from the NB model). The values of estimated elasticity of patent applications, with respect to R&D stock, exhibit relatively wide variation ranging from 0.55 to 1.93. However, the null hypothesis that the elasticity is unity is in no case rejected because of the large standard errors of estimates.
Estimates of the coefficient on ln(SALES), which is a proxy for a firm's scale, are negative but statistically insignificant for all specifications. This lack of significance is reinforced by the fact that the log-likelihood does not change greatly by adding ln(SALES) in all specifications (see Table 8 for differences in log-likelihood between explanatory variable sets [1] and [2] using all estimation methods). 26 This absence of scale effects for innovations in medicines for HIV/AIDS is consistent with the findings of Jensen [1987] , Graves and Langowitz [1993] , and Cockburn and Henderson [1996, 2001] in their studies on medicines in general. Because of its insignificance, ln(SALES) was dropped from the remaining estimations.
Economies of scope are incorporated in two indicators: SCOPE and IDSCOPE. The former embodies the scope effect among all diseases and injuries, while the latter does so only among infectious diseases. As seen in Table 8 Table 8 ), the estimated coefficient of IDSCOPE-SQ is significantly negative. There is precedence for this result. When looking at R&D in pharmaceutical firms, Cockburn and Henderson [1996, 2001] found a similar relation between diminishing returns and scope for innovation of medicines in general.
The sign and significance of the coefficient of TREND is altered according to the estimation method and model used. However, this instability may not matter; dropping TREND does not 26 There is some reservation regarding multicolinearity between R&D stock and SALES where the correlation coefficient is 0.77. However, SALES is not significant due to its correlation with Trend, even when R&D stock is dropped. 27 Note that the inverse of the Herfindahl index was used as another proxy for economies of scope. This index incorporates information about how equally patent applications are distributed across all 13 therapeutic classes (see Appendix 2 for details). However, the coefficient on this index does not reach significance for any specified equation and combination of variables.
dramatically affect the results mentioned above. As pointed out by Mairesse and Sassenou [1991] and Bassant and Fikkert [1996] , it should be noted that R&D stock is likely to be correlated with time. Thus, it may be observed that the introduction of TREND somewhat lowers the coefficient of
The impact of firm dummy variables is a major concern of this experiment.
GlaxoSmithKline was set to be the benchmark used for comparison with other pharmaceutical firms.
As seen in the first column of Table 8 , even after the magnitude of cumulative R&D expenditure is controlled, the prominence of GlaxoSmithKline in the number of patent applications of medicines for HIV/AIDS is apparent. This is reflected by negative coefficients on all firm dummy variables when the standard Poisson model is used without any proxies for economies of scope (see POIS [1] in Pharmacia, tend to remain significantly negative. This empirical observation implies that the prominence of GlaxoSmithKline in innovation of medicines for HIV/AIDS is remarkable among pharmaceutical giants, even after the variable of economies of scope is taken into account and the probability of failure in innovation is augmented by adoption of the ZIP model.
In fact, the significance of proxies for economies of scope and adoption of zero inflated models do not aid in understanding the mechanisms that led to the higher performance of GlaxoSmithKline. The strong and positive association between the number of patent applications of medicines for HIV/AIDS and the width in innovation of medicines for infectious diseases (incorporated in IDSCOPE) is consistent with the observation that GlaxoSmithKline files patent applications for medicines not only related to HIV/AIDS but also tuberculosis and malaria. It is a challenge for future studies to treat IDSCOPE as an endogenous variable and to explain the variation in the number of patent applications and IDSCOPE jointly. Further, "zero inflation" successfully reduces negative significance of dummy variables for relatively small firms for which the number of successful innovations is more likely to be zero. However, that methodology seems incapable changing the negative insignificance for larger firms. Although the prominence of GlaxoSmithKline is explained by introducing proxies for economies of scope and adopting the zero inflation models, the factors that explain the performance of this company, both for scale and scope in innovation of medicines for the poor, are still open for investigation. 28 Refer to Table 10 for the scale in R&D stock for each sample firm.
(2) Estimation for the neglected diseases
Another fundamental concern for this analysis is determining whether the mechanisms that affect performance in innovation of medicines is different between HIV/AIDS, which is a global disease, and the neglected diseases that are spreading only in low income countries Table 9 displays results for estimations related to the neglected diseases. In general, it may be concluded that almost all findings mentioned above for HIV/AIDS are applicable to innovations in medicines for the neglected diseases. In general tendencies differences between the two are rarely found.
The same explanatory variables are used for estimations of HIV/AIDS and the neglected diseases, but the sample size is less for the neglected diseases due to the decline in the number of sample firms. As in the case of HIV/AIDS, the over-dispersion parameter is significantly different from zero (except for ZINB [4] ), and the zero inflation hypothesis may be accepted using the Vuong test.
Estimates of elasticity of patent applications with respect to R&D stock are distributed in a reasonable range between 1.16 and 1.43, unless IDSCOPE is introduced as an explanatory variable.
The corresponding estimates of the standard errors are distributed between 0.55 and 0.75. Thus, estimates of elasticity are judged to be statistically significant only for some models, unless IDSCOPE is used. It is evident from the estimation results for HIV/AIDS that once IDSCOPE is introduced, the signs of estimates of elasticity turn negative, even though the negative difference from zero is not statistically significant. The scale effect, which is embodied in the coefficient for ln (SALES), is negative and statistically insignificant, as in the case for HIV/AIDS.
An interesting difference from the results for HIV/AIDS is that the estimates of coefficients for IDSCOPE-SQ are significantly positive, while those for IDSCOPE are insignificant.
This implies increasing returns to scope. However, this feature appears at the cost of an unreasonable value for the elasticity of patent applications with respect to R&D stock. Thus, the increasing returns to scope feature must be treated with skepticism.
The effects of firm dummies are similar to those for HIV/AIDS. If only R&D stock is included as an explanatory variable, the coefficients of all firm dummy variables are estimated to be negative, and the impact of five out of six firm dummies are judged to be significantly negative. This significance becomes weak when proxies for economies of scope and adoption of the zero inflation models are introduced. However, such significance tends to consistently show up for large firms such as Novartis and Roche, unless IDSCOPE is introduced. Thus, the prominence of
GlaxoSmithKline among large firms in the development of innovations in medicines for the neglected diseases is apparent, as it is in the case of HIV/AIDS.
(3) Discussion
Results of estimations show that economies of scope are exhibited in relations that exist between research in medicines for the infectious diseases featured in the estimations and that for all other infectious disease. Firms that work with infectious diseases in general are superior in innovation for HIV/AIDS and the neglected diseases. For example, as seen in Table 10 , the average values of SCOPE and IDSCOPE of GlaxoSmithKline over the sample period are the greatest among sample firms. GlaxoSmithKline has worked intensively on infectious diseases for many years, an outstanding achievement that currently gives it status in the field of innovations in medicines for the poor. This is reflected in Table 11 , which shows the development pipeline of GlaxoSmithKline as of the end of 2003. Among all, it is remarkable that there are many medicines for tropical diseases such as dengue fever, leishmaniasis, meningitis, malaria, and rotavirus that are in the process of development at GlaxoSmithKline. Note that leishmaniasis and malaria are treated as neglected diseases in this paper. All told, these are reasons why the chief executive officer of GlaxoSmithKline is proud of the company's supremacy in accumulated resources for invention of medicines for infectious diseases in low income countries (GlaxoSmithKline [2003] ).
What enabled the firm to succeed with such strength and depth of innovation? A key is mergers and acquisitions (M&A) that have resulted in the current form of GlaxoSmithKline. It is widely known that most large pharmaceutical multinationals have expanded their scale of business through M&A. As shown in Figure 4 , GlaxoSmithKline is an integration of several companies resulting from a series of M&A that took place for last two decades. Among all, because of its excellence in the field, the addition of Wellcome in 1995 was crucial in development of further innovations in medicines for infectious diseases. However, study of the background of M&A in pharmaceutical companies in detail is beyond the scope of this paper. In this study, a firm formed through M&A during the sample period was treated as if the firm in December 2002 had its form from the beginning. Exploration of the effect of M&A on innovations in medicines for infectious diseases that are spreading in low income countries must await future study.
It is interesting that GlaxoSmithKline did not resort to a system of preferential treatment granted for developing innovations in medicines for serious diseases contracted by a small number of people. This is known as the "orphan drug" system and provides various incentives for sponsors to develop products for rare diseases in some countries (Thamer, Brennan and Semansky [1998] ).
The Orphan Drug Act of the United States, which came into effect in 1983, grants: (1) seven years of marketing exclusivity after approval of its orphan drug product, (2) tax credits for clinical research, and (3) funding for sponsors. 29 Diseases treated by orphan drugs include tropical diseases that are hardly contracted by U.S. nationals. Some argue that the orphan drug system could work internationally to promote innovation of medicines and vaccines for diseases which are neglected but 29 The system is considered a great success. The cumulative number of designated orphan drug products is 1432, and 265 of these products received marketing approval as of December 2004. The Food and Drug Administration of the United States publishes data regarding designations and approval of orphan drugs on its web site (http://www.fda.gov/orphan/). serious (Grabowski [2002] ; Kremer [2000b] ).
GlaxoSmithKline did not aggressively use the above system. Only two medicines were approved as orphan drugs in the U.S, Retrovir for HIV/AIDS and Halfan for malaria (see Table 11 ).
Thus, the orphan drug system does not seem to have created momentum for GlaxoSmithKline to develop medicines for low-income countries. It is difficult to determine why GlaxoSmithKline succeeded in filing an extraordinary number of patent applications related to medicines for the three killer diseases found in low income countries.
Concluding Remarks
Now that there is consensus regarding lenient application of TRIPS for low-income countries, the price of medicines for diseases that are prevalent in low-income countries is gradually declining. The focus of institutional change, which are requested as a long-term solution to the problem of rampant infectious diseases, shifts to a problem of how to encourage the development of innovations in medicine for the diseases. There has been an expectation that the public sector leads such innovation because it is a matter of the "public good" to develop medicines for diseases when people have low purchasing power and live in low-income countries where they are susceptible to such diseases. Results of this research indicate that private companies have been dominant in applying for patents in that category of medicines. It seems that the private sector played a major role in the development of innovation in medicine, not only for patients in developed countries, but also for those in developing countries. As stated in Introduction, patents on medicines have been exempt from protection by patent (Lanjouw and Cockburn [2001] ). This makes the above find particularly striking. Even in unfavorable circumstances described above, private pharmaceutical companies have contributed to developing medicines for the diseases.
On the other hand, it is well known that public research institutes and universities have contributed to both critical and fundamental innovations in the prevention and cure of HIV/AIDS, tuberculosis, and malaria (Cockburn and Henderson [2000] , Seytre [1995] ). Dominance of private firms in patent applications combines with essential contributions of public institutions form a complementary relationship. As suggested by Cockburn and Henderson [2000] , those in the public sector are likely to engage in upstream and scientific discoveries while those in the private may tend to deal with downstream and applied inventions. Rather than be filed as patents, discoveries made by scientists in the public sector are more likely to be published in scientific journals such as Nature and Science in order to improve researcher's reputation.
Results indicate that there is a great variation in the number of patent applications filed by pharmaceutical firms. In particular, GlaxoSmithKline, a giant pharmaceutical firm, is distinguished in its innovation of medicines for HIV/AIDS, tuberculosis, and malaria. The prominence of GlaxoSmithKline, which in this study is incorporated into firm dummies, is attenuated when the variable of economies of scope is introduced as an explanatory variable. However, if in addition to the number of patent applications, development of innovations in a wide variety of medicines is also used as a performance indicator of pharmaceutical companies, the good performance of GlaxoSmithKline becomes even more pronounced.
GlaxoSmithKline had been criticized by NGOs for interfering in the access to medicines where patents were owned by the firm, and it started cutting prices of medicines for patients in low-income countries in 2001 (Oxfam [2001] ). In a sense, however, GlaxoSmithKline was criticized because it developed many inventions in medicine for the treatment of infectious diseases spreading in low-income countries, and it kept a number of patents resulting from these achievements. Other companies could not be criticized since they did not have patented medicines for the diseases.
Finally, it must be stressed that the mechanisms of innovation for HIV/AIDS and the neglected diseases are quite similar, even though there could be a difference in incentive for innovation due to a difference in purchasing power of respective patients. This research confirms that there is nothing special in the development of innovations of medicine for low income countries as compared with that for high income countries. As discussed in section 2, the development of innovations in medicine for low-income countries has been led by the private sector. Further, empirical analysis shows that innovation is closely associated with R&D and that the scale effect is classification system formulated from a technological viewpoint. The FI system was originally developed originally by JPO in order to elaborate on the IPC so that an IPC search would become more efficient and convenient. FI includes some Japan-specific classifications. The F-terms system has a more detailed classification than the others, not only from a technological viewpoint, but also from a variety of viewpoints (objective, application, structure, material, manufacturing process, processing and operation method, control method, etc.). Combining FI with F-terms enables users to effectively extract more detailed data than in an IPC search.
In order to retrieve patent application data on medicines and vaccines by disease, FI and F-terms systems were used jointly. First, a conventional formula for combination of FI and F-terms for HIV/AIDS in JPO was used.
31
The authors adjusted the formula of HIV/AIDS for analysis.
Second, some experimentation was conducted to determine appropriate FI and F-terms for each disease. The following formulas 32 were constructed, and data were retrieved according to these formulas.
Data for tuberculosis and malaria may include medicines and vaccines for other diseases because the formula for tuberculosis is based on "mycobacterium" which is a larger class of bacterium that includes tubercle bacillus, and the formula for malaria is based on "plasmodium" which contains the malaria parasite. There are no finer subcategories beyond mycobacterium and plasmodium.
30 http://www.ipdl.ncipi.go.jp/homepg.ipdl. 31 The authors are grateful for instruction given by Haruo Matsumura and Ken Takeda. 32 The plus sign "+" indicates a union of sets before and after the sign. Table A , this sub-category is called the IPC facet. Referring to Okada and Kawahara [2004] , 13 therapeutic classes are defined as seen in Table A. Three scope indexes were used in this paper: (1) SCOPE is the number of IPC facets for which at least one patent application is filled in a year. It is designed to capture the width of innovation activities of a firm for medical science as a whole. (2) IDSCOPE is the number of IPC facets in which at least one patent application is filled within the group of infectious diseases (displayed in the rows entitled "3. Anti-Infective Agents" in Table A Note: See note in Table 3 for neglected diseases. Note: Standard errors in parentheses. * Statistically significant at the .05 level, ** at the .01 level. Over-dispersion parameter tested using the likelihood-ratio test of 0 = α . Log-likelihood -219. 3 -218.8 -216.5 -199.2 -209.0 -208.8 -207.5 -197.5 -165.3 -164.9 -163.6 -150.3 -161.3 -161.2 -163.6 -150.3 Note: Standard errors in parentheses. * Statistically significant at the .05 level, ** at the .01 level. Over-dispersion parameter tested using the likelihood-ratio test of 0 = α . 
